We have surveyed the SOHO/ERNE heavy ion data from the beginning of solar cycle 23 until the end of May 2015, well into solar cycle 24. We have used the long observation period to study the properties of heavy ions (from C to Fe) and to compare the two solar cycles in this respect. We have surveyed the data for solar energetic particle events with enhancements in the Fe/C and Fe/O intensity ratios in energy range 5-15 MeV per nucleon, and made solar event (type III burst, flare, CME) associations for the selected events when possible. We have studied the properties of heavy ions in these events and made a comparison of the average relative abundances of heavy ions between the two solar cycles. We found that there were considerably fewer Fe-enhancements during the current solar cycle than during the previous one, but taking into account the difference in the observed overall level of solar activity, the difference is small. We also found that the average abundances of Ne -Fe in the selected events of cycle 23 were noticeably higher than in the events of cycle 24.
Introduction
The earliest observations of solar energetic particle (SEP) events were done with ionization chambers in 1946 by Forbush [1] . The events, nowadays known as ground level events (GLEs), were presumed to be caused by solar flares. In a comprehensive review of radio observations, Wild et al. [2] suggested that the fast-drift type III radio bursts were produced by flare-accelerated outward streaming electrons, whereas slow-drift type II bursts were produced by electrons accelerated by shock waves that could accelerate also protons. This idea of two different physical mechanisms of SEP acceleration, that contribute to the two classes of solar particle events, namely impulsive and gradual events, has been valid ever since (e.g. [3] ). In the two-class paradigm impulsive events are associated with resonant stochastic acceleration during magnetic reconnection in solar flares, whereas gradual events are caused by diffusive acceleration at shock waves driven by coronal mass ejections (CMEs). Impulsive events have typically durations of a few hours, small fluences and compact spatial scales, compared to the duration of several days, larger fluences and extensive spatial scales of gradual events.
A key feature in distinguishing the two classes of solar particle events has been the differences in their energetic particle composition. In general, impulsive events are electron rich, have 3 He/ 4 He ratios enhanced by factor up to 10 4 and Fe/O ratios enhanced up to factor of 10 compared to coronal values (e.g. [4, 5] ). Gradual events, on the other hand, have energetic particle composition similar to that of corona or solar wind. In reality, the separation of the two classes is not clean; residual suprathermal ions from impulsive events may contribute to the seed material accelerated by CMEdriven shock waves, resulting in intermediate values for 3 He/ 4 He or heavy element abundances (e.g. [6, 7, 8] ).
Observations
We analysed the SOHO/ERNE heavy ion data from the beginning of solar cycle 23 until the end of May 2015, producing intensity-time profiles for C, O and Fe. There have been some breaks in observations of the instrument, most notably from 25 June 1998 to 9 October 1998, from 21 December 1998 to 8 February 1999 and from 9 December 2012 to 8 February 2013. These, along with all the shorter breaks, have been taken into account in the further analysis. 6) is not nearly enough for an explanation for the deficiency of days with sufficient heavy ion counts during the current solar cycle. Figure 3 a) shows the distribution of daily average intensities of C, O and Fe, for solar cycles 23 (in red) and 24 (in blue). All distributions have been corrected for the amount of time the SOHO/ERNE has been offline during the measurement period. In addition, the distributions of solar cycle 23 have been divided by the ratio t SC23 /t SC24 , where t SC23 is the length of solar cycle 23 and t SC24 is the length of solar cycle 24 up to May 31, 2015. Even after these corrections, the intensity distributions have different heights, as was expected concerning the large difference in the number of days with sufficient statistics. Nonetheless, the shapes of the distributions are quite similar for cycles 23 and 24.
The ratio distributions shown in Figure 3 b) have been corrected and scaled in the same way as the ones in Figure 3 a) . Besides the different heights, the distributions also seem to have somewhat different shapes for solar cycles 23 and 24. The distributions of cycle 23 have narrow maximae, whereas the distributions of cycle 24 could be interpreted as two-peak structures, with minimae between the peaks at values of about 0.3 and 0.2 for Fe/C and Fe/O, respectively. These values
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Iron-rich SEP events E. Valtonen 
Iron-rich SEP events E. Valtonen are close to the relative abundances in gradual SEP events measured at 5-12 MeV/n, 0.288 (Fe/C) and 0.134 (Fe/O) [11] . Using different binning for the distributions changes the shapes somewhat, but the minimae do not disappear completely. In the context of the two classes of SEP events, this two-peak shape is expected, and similar results have been reported in several similar surveys (e.g.
[5])
Event selection
As the purpose is to study events with enhanced abundances of heavy elements, we used the following two criteria to select events: 1) Daily counts of C, O and Fe must each be greater than one; 2) The ratio of Fe/(C+O) must be higher than 0.183, which is the corresponding value of gradual solar particle events in the 5-12 MeV/n region as reported by [11] . There were 130 days that fulfilled the criteria, 96 of them during solar cycle 23, and 34 during cycle 24. Figure 4 a) shows the number of selected days for each year, with corrections for the time SOHO/ERNE has been offline during each year. Figure 4 b) shows the number of selected days in units of year −1 for the two cycles, divided into periods before and after the cycle maximum, with similar corrections as Figure 4 a). From this figure it is clear that the two solar cycles are different concerning the heavy elements; the rate of occurrence of Fe-enhancements during the phase after the cycle maximum in the current cycle is less than half of what it was during the previous cycle. However, if we divide the rate of occurrence of Fe-enhancements with the number of days observed with more than one counts of C, O and Fe, the situation changes: the percentages of Fe-enriched days during the cycle phases are 0.44, 0.23, 0.30 and 0.23 for cycles 23 and 24, respectively. In this context the phases after cycle maximums have been very similar, whereas the phase before the maximum of cycle 24 had a somewhat decreased number of Fe-enriched days.
To study complete SEP events instead of regarding each day as a separate event, we made a visual scan of the SOHO/ERNE proton data and used previous catalogues of SEP events ( [12, 13] ) to associate the Fe-enriched days with SEP events. In addition, we used the SOHO/LASCO CME
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Iron-rich SEP events E. Valtonen catalogue 1 , GOES flare data 2 and radio data from Wind/WAVES 3 to get CME, flare and type III burst associations for each event. In the end, we managed to identify 85 events with one or more days with Fe enrichment; 63 of them occurred during solar cycle 23 and 22 during cycle 24. Figure 5 shows the event-averaged abundance ratios of N, Ne, Mg, Si, S and Fe to O versus the ratio of Fe to C. Events occurring during solar cycles 23 and 24 are shown in red and blue, respectively. Linear fits in log-log scales to both sets of events and the slopes of the fits are also shown. Only events with 4 or more counts are included. The slopes of events of cycle 24 get steeper when moving from N/O towards Fe/O, as reported before (e.g., [14, 15] ); Ne/O is an exception to this trend, but it seems to have large errors as well. Events of cycle 23 do not exhibit this behavior as clearly. Another noteworthy thing in Figure 5 is that all but one of the events of cycle 24 have Fe/C values of less than one, whereas there are many events that occurred during solar cycle 23 that had Fe/C values between 1 and 10. 
Properties of heavy ions
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Summary
We surveyed the SOHO/ERNE heavy ion data from the beginning of solar cycle 23 until the end of May 2015, i.e. after the maximum of solar cycle 24. The long observation period allowed us to study and compare the properties of heavy ions in SEP events during the two solar cycles. We found that the overall rate of heavy ion enrichments has been slower during cycle 24 than during cycle 23, but that it can be explained by the smaller total solar activity during the cycle 24. We searched for enhancements in the daily Fe/(C+O) ratio and made a selection of SEP events that had days with Fe/C+O)>0.183 (twice the value for gradual SEP events) during them. We found that those of the events that occurred during solar cycle 23 had larger average enhancements of heavy ions than those that occurred during solar cycle 24.
